Introduction
Chronic pain is common with relatively high incidence and low recovery rates [1] . Chronic pain can cause disability, mild to severe suffering and a serious problem to the health of the public. Chronic pain is localized to the musculoskeletal system in the majority of patients [2] . The most reported forms of chronic musculoskeletal pain are frequently back pain. However non-specific spinal disorders are not possible to identify a pathomorphological source of the problem despite a thorough diagnostic work-up such as simple radiography, computed tomography, magnetic resonance imaging, ultrasound, electromyography and nerve conduction test [1] . There are many potential causatives and aggravating factors associated with non-specific spinal disorders. Though laboratory and radiologic tests provide a myriad of information including the musculoskeletal and nerve system and give important clues for the diagnosis, structural abnormalities and clinical symptoms do not match commonly in clinical practice [3] . Unfortunately some patients do not improve despite administering conservative treatment and then the various interventional therapies, including medical treatment and/or surgery, and they find themselves in search of a more effective pain relief.
Deep dry needling is one of the alternative treatment modalities for these patients who do not respond to drug therapy and clinical intervention [4] . Previous clinical study demonstrated that dry needling into the trigger points (MTrPs) of myofascial pain syndrome is as effective as the injection of local anesthetics in inactivating them [5] . Especially, there appears to be growing interest in the intramuscular stimulation (IMS) for myofascial pain of radiculopathic origin developed by the Canadian physician Dr. Chan Gunn [6] . According to Gunn's approach, dry needling should be performed not only in muscle at the site of pain but also in the paraspinal muscles of the same spinal segment that innervates the painful muscles as causes and treatment targets of chronic pain. IMS is the technique for needle insertion and mechanical stimulation into trigger points or motor units of muscle belong to both anterior and posterior primary rami of spinal nerve root which require treatment.
In this chapter, we introduce IMS as an alternative and effective method for the management of chronic pain.
Basic background for IMS
Dry needling methods have empirically been developed to treat musculoskeletal disorders. In 1942, Dr. Janet Travell and colleagues firstly published the method by intramuscular infiltration with procaine hydrochloride [7] . The wider use of dry needling started after Lewit's publication [5] , where it was emphasized that the needling effect was distinct from that of the injected substance and the effect of injections was primarily caused by the mechanical stimulation of myofascial trigger points (MTrPs) with the needle. In addition, in numerous randomized clinical trials [8] [9] , no difference was found between injections of different substances and dry needling in the treatment of MTrPs.
Several models of dry needling have developed during the last 3 decades. The radiculopathy model is based on empirical observations by Dr. Gunn [10] , named IMS to distinguish this approach from other methods of dry needling. IMS technique is based on the premise that myofascial pain syndrome is always the result of peripheral neuropathy or radiculopathy, defined as a condition that causes disordered function in the peripheral nerve [6] .
Radiculopathic model of IMS
In the radiculopathy model, based on Cannon and Rosenblueth's Law of Denervation Supersensitivity [11] , denervated tissues develop supersensitivity. When a portion from a chain of nerve units is irritated, the receptor sensitivities to chemical stimuli in that point and the zones below it (muscles, skin, blood vessels, ligaments and tenoperiostea) become abnormally increased and these effects are maximized at the directly damaged sites [10] . The most common sites of supersensitivity are skeletal muscles. Indeed supersensitivity leads to muscle shortening when a nerve unit is injured, and by which myofascial pain syndrome is induced [10] . In the musculature, shortened muscles can physically cause a large variety of pain syndromes by its relentless pull on various structures [12] Table 1 ]. Muscular evidence of radiculopathy is almost found in the distribution of both dorsal and ventral rami of affected segmental nerves. Shortening of the paraspinal muscles (particularly the multifidi muscles) innervated by dorsal ramus of affected segmental nerves leads to disk compression and narrowing of the intervertebral foramina, or direct pressure on the nerve root, which subsequently results in peripheral neuropathy and the development of supersensitive nociceptors and pain [ Fig. 2 ]. Radiculoapthy can be often accompanied by partial denervation. Chronic attrition from the spondylosis is the most common among the causes of nerve damage, such as trauma, metabolic, degenerative, toxic, and other conditions [13] . The spondylosis has the structural disintegration and morphologic alterations that occur in the intervertebral disc, with pathoanatomical changes in surrounding structures. The spinal nerve root, because of its vulnerable position, is notably prone to injury from pressure, stretch, angulation, and friction due to pathoanatomical changes in spondylosis. Other causes of radiculopathy, such as arachnoiditis, neuroma, and intraspinal tumors are much less common. The spondylosis increases with age, and causes repeated major and minor injuries to a segment nerve leading to unresolved clinical residuals which may, or may not, produce pain [14] .
Syndrome
Shortened muscle In addition, radiculopathy itself contributes to degenerative conditions. Neuropathy degrades the quality of collagen [15] . The amount of collagen in soft and skeletal tissues is also reduced. Because collagen lends strength to ligament, tendon, cartilage, and bone, neuropathy can expedite degeneration in weight-bearing and activity-stressed parts of the body which include the spine and joints.
Clinical features of radiculopathy differ from those of denervation such as loss of sensation and reflexes. The effects of radiculopathy vary according to the type of sensory, motor, autonomic, or mixed dysfunction and distribution of the nerve fibers involved.
Clinical features of radiculopathy
In radiculopathy, symptoms and signs are generally present in the territories of both posterior and anterior primary divisions of the affected nerve root. Clinical features of radiculopathy are projected to dermatomal, myotomal, and sclerotomal target structures supplied by the affected neural structure. The clinical characteristics can give rise to sensory, motor, autonomic, or mixed dysfunction.
Muscle shortening has painful spots on compression that are associated with hypersensitive palpable nodules in the taut band of skeletal muscle. The spots can cause tenderness, characteristic referred pain, motor dysfunction and autonomic phenomena. These can be tender, especially over motor points. Tender points can be found throughout the myotome and especially in paraspinal muscles.
Autonomic vasoconstriction of affected parts is colder in a noticeable manner. Increased permeability in blood vessels can lead to the trophedema that is edema in local subcutaneous tissue. The trophedema especially shows a characteristic feature like orange-peel skin over affected regions by rolling or squeezing an area of skin and subcutaneous tissue. The skin is tight and wrinkles absent. The consistency of subcutaneous tissue is firmer. The trophedema is not pitting to digital pressure, but to a blunt instrument pressure with the end of a matchstick. Excessive sweating as sudomotor activity may follow painful movements. The pilomotor reflex is often hyperactive and visible as goose-bumps in affected dermatomes.
The tendinous attachments to bone are thickened due to shortening muscle, which causes enthesopathy at the tenoperiosteal insertion.
Diagnosis for radiculopathy
The physical examination should always be preceded by a clinical history. It is important to inspect for any postural asymmetries, assess the range of motion for limitation, and examine the soft tissues for clinical features of radiculopathy. The spinal examination should be performed scrupulously according to segmental examination to elicit the signs that correspond to the affected spinal segments. The spinal segmental examination includes assessment for facet joint tenderness, tenderness to posteroanterior pressure on the spinous process, transverse pressure against the spinous process, and pressure against the interspinous ligamentum. This examination can identify the responsible spinal segments.
Because segmental radiculopathy primarily causes the significant changes in muscle, the examination of the segmental nerve supply to muscles is the clue to diagnosis. The changes in muscles are the most consistent increased muscle tone, tenderness over motor points and palpable taut bands, and result in restricting a range of joint motion. During examination according to the distribution of both dorsal and ventral rami of affected segmental nerves, each muscle must be palpated. Moreover, because many paraspinal muscles are compound and extend throughout most of the length of the vertebral column, the entire spine must be examined even when symptoms are localized to one region. The contracture caused by shortened muscles due to radiculopathy is invisible to X-rays, CT scans or MRI.
Laboratory and radiologic findings are generally not helpful for diagnosis of radiculopathy. Thermography reveals decreased skin temperature in affected dermatomes due to autonomic dysfunction. Other diagnostic observation is to find goose-bumps and orange-peel skin by rolling or squeezing an affected area. And the tenoperiosteal tenderness is present only when periosteal insertion is affected and is often painful to palpation only without giving the patient any pain spontaneously.
Technique for IMS
IMS is a system of dry needling that is based on a radiculopathy model for chronic pain. The key to IMS treatment is the release of muscle shortening. The fundamental Needling points for effective treatment are always situated to muscular motor points or musculotendinous junctions. These points generally coincide with palpable taut bands that are tender to digital pressure and are generally referred to as MTrPs. The muscles with tender points are generally shortened from contracture. Needling points generally belong to the same segmental level as presenting symptoms and signs. Tender points are distributed in a segmental or myotomal fashion, in muscles of both anterior and posterior primary rami which is indicative of radiculopathy. Practitioners purposely seek out tender and tight muscle bands in affected segments for needling.
The needles inserted in the plungers are made of a fine, flexible, solid and stainless steel like acupuncture needle [Fig 3, 4 ]. Its lengths are 4, 6, and 8 cm (diameter: 0.25, 0.3 and 0.4 mm respectively). The absolute size of needle is dependent on the muscle and the depth of the motor point being treated. IMS needles are longer, finer, and whippier than hypodermic needles and are particularly suited for deep muscle exploration. The plunger is sterilized by autoclaving.
When the needling point is identified, standard precautionary techniques for asepsis are followed (hands scrubbed, no gloves, and skin cleansed with alcohol). The thumb and index finger of the physician's nondominant hand holding plunger remain unmoved to guide the needle [ Fig. 5 ]. The direction of needle insertions using plunger is perpendicular to the skin with the objective of penetrating the motor units. When the index finger of the physician's dominant hand on the non-needle end of plunger pushes the needle, it quickly penetrates the skin to 2 ~ 3 mm depth [ Fig. 5 A] . And then IMS needle is followed several times by pecking and twirling movements [ Fig. 5 B] . Therefore IMS allows stimulation of deeper motor units by using a manual plunger for inserting, pecking and twirling of the needle.
The fine, flexible needle transmits feed-back information on the nature and consistency of the tissues that it is penetrating. When the needle penetrates normal muscle, it meets with little hindrance. When it penetrates a contracted muscle, there is firm resistance, and the needle is grasped by the muscle. When an attempt is made to withdraw the needle, the grasp resists withdrawal. Leaving the grasped needle in situ for 5 to 20 minutes can lead to the release of a persistent contracture. Following needling, muscle contracture, vasoconstriction and tenderness can disappear within seconds or minutes. Other signs, like trophedema may diminish more gradually, sometimes even taking days to disappear, but ultimately, all signs vanish following successful treatment.
The effect of IMS
There is limited evidence supporting that IMS has an overall treatment effect when compared with standardised care. The result of the meta-analysis searching all studies regardless of the language to include all the available clinical evidence on IMS included 5 randomized controlled trials (RCT) [16, 17] . The represented conditions had MPS of upper and lower half body, MPS of the upper trapezius muscle, chronic shoulder pain, tension-type headaches and chronic lower back pain. However, the large scale, good quality placebo controlled researches in IMS are needed for RCTs because of the limited sample size and poor quality of these studies.
Release of these muscles by stimulation of motor units with dry needling is usually necessary to restore joint range and relieve pain [10] .Dry needling can cause a decrease in spontaneous electrical amplitude and subsequent relaxation via either a direct local electrical stimulus or via a reflex mechanism [18] . As the needle is introduced into muscle tissue, it can cause a shortened muscle to visibly fasciculate and subsequently relax [10] . In addition as the muscle is injured by the needle then a "current of injury" follows, this current of injury was first described in 1797 by Galvani. Injury potentials of several microamperes are generated and can persist and provide stimulation for days until the miniature wounds heal. It was demonstrated that denervation supersensitivity in animal muscle may be reduced or abolished by electrical stimulation [19] .
In addition, twirling the needle causes muscle fibers cling to the needle to wind around its shaft. The rotation of a needle grasped by muscle shortening can produce intense stimulation. Unlike traction or manipulation, this stimulation is very precise and intense because the needle is precisely placed in a taut muscle band. Rotational motion is converted to linear motion which shortens the muscle fibers locally. This shortening of muscle fibers by twirling the needle activates muscle spindles and Golgi Tendon Organs and may cause subsequent muscle relaxation via local spinal reflexes. Therefore the needle rotation may induce neuroplastic changes as the pulling of collagen fibers and the transduction of the mechanical signal into fibroblasts can lead to a wide variety of cellular and extracellular events, including mechanoreceptor and nociceptor activation and eventually to neuropeptide liberation [20] .
Needling also induces a sympatholytic effect that spreads throughout the body segment, releasing vasoconstriction. Pain in muscles, tendons and joints caused by excessive muscle tension is eased when the shortened muscles are relaxed. Subjective improvement can objectively be confirmed the increase in the motion of range, reduction of joint effusion and any decrease in muscle tenderness within minutes.
Dry needling delivers to the injured area the platelet-derived growth factor (PDGF) which induces deoxyribonucleic acid (DNA) synthesis and stimulates collagen formation [21] .
One intervention of dry needle stimulation to a single MTrP evokes short term segmental antinociceptive effects [22] . MTrP stimulation by dry needling may evoke antinociceptive effects by modulating segmental mechanisms.
Adverse effect of IMS
No serious adverse effects were reported and the frequency of minor adverse effects occurred [23, 24, 25] . Several adverse effects associated specifically with dry needling include soreness after needling, local hemorrhages at the needling site and syncopal responses, and rarely reported a pneumothorax. Post-needling soreness is the most common due to local hemorrhages at the needling site and can be prevented by sufficient compression after treatment [26] .
In addition, the thinner pointed-tipped IMS needles used for inserting trigger points can induce less tissue injuries than the thick and hollow needles with a beveled and cutting edge.
Difference between IMS and Acupuncture
IMS differs from chinese traditional acupuncture using superficial dry needling [table 2 ]. Unlike chinese traditional acupuncture, IMS requires a medical examination searching for early signs of radiculopathy, the knowledge of anatomy and a medical diagnosis, and uses neuroanatomical points that are found in a segmental pattern, instead of using traditional acupuncture points that is non-scientific meridians. 
Intramuscular stimulation Acupuncture

Conclusion of IMS
Many patients suffering from chronic pain have associated musculoskeletal pain which is not readily detectable with laboratory and radiologic tests. This pain may be due to both peripheral and central sensitization mechanisms. A radiculopathy model is offered to explain these syndromes. This model enables many apparently dissimilar musculoskeletal pain syndromes to be grouped under one etiologic classification such as radiculopathy. IMS is an alternative system of dry needling for treatment of chronic pain based on neurophysiologic concepts.
